Microdensitometric and microarchitectural alterations in irradiated mandibular fracture repair.
Head and neck cancer most often requires a multimodality approach to treatment that includes the use of radiotherapy. Unfortunately, radiation treatment can cause significant locoregional adverse effects with the particularly debilitating sequelae of late pathologic fracture. We aimed to define comprehensive metrics that will allow us to evaluate the efficacy of therapies aimed at assuaging the damaging effects of radiation on fracture healing.Six male rats (XRT/Fx) received a 36-Gy preoperative radiation dose delivered in 10 fractions over 10 days to their left hemimandible, whereas 6 other rats were not irradiated (Fx). After a recovery period, a unilateral osteotomy was performed with external distractor placement set to a 2.1-mm fracture gap on all the animals. Following a 28-day consolidation interval, mandibles were harvested and scanned via micro-computed tomography. Radiomorphometrics were extracted and analyzed with significance at P < 0.05.A quantifiable decrease in bone volume fraction (73.9% vs 78.6%; P < 0.05) was observed in XRT/Fx compared with Fx, without significant change in bone mineral density. Microarchitectural metrics were significantly altered in XRT/Fx compared with Fx, specifically trabecular thickness (0.37 vs 0.30 µm; P = 0.01), trabecular number (2.18 vs 2.45 N/mm; P = 0.04), and bone surface-bone volume ratio (5.50 vs 6.70; P = 0.01).We found that the irradiated and fractured bone demonstrated a significant diminution in bone quality and strength. We have established predictable and reliable radiographic measures that quantitatively demonstrate the degradative effects of radiation on fracture repair. We can now utilize these comprehensive metrics to evaluate the benefits of therapeutic interventions to remediate the damaging effects of radiation on fracture healing.